buonomku gaxkyarer YHUBEP3UTET Y BEOT'PALlY
Bbpoj 3axreBa: 15/558-1 BERY HAYUYHUX OBJIACTHU ITPUPOJHUX HAYKA
Harym: 11.12.2015.

3AXTEB

3a JaBame CAIVIACHOCTH Ha pedepar o ypal)eHoj TOKTOPCKOj AUcCepTALMjU
3a KaHAUAATa MATHCTPa HAYKA KOJU OpaHU JUCEPTALM]Yy IPeMAa PAHUjUM
nponucumMa

Monumo na, cxonHo wiany 47. cr. 5. tad. 4. Craryra Yuusepsurera y beorpany ("InmacHuk
Vuusepsureta", 6poj 162/11-npeunnthenu texct, 167/12, 172/13 u 178/14), nate carmacHocT Ha
pedepar o ypaheHOj JOKTOPCKO] TUCEPTaIUjH:

KAHIWUIAT: Mp Najat Beleed Al Sheef

MIPUJaBHUO j€ JOKTOPCKY JAUCEpPTALH]y MO/ HA3UBOM:

,»MHKpoMopQosIoIKa U UTOJIONIKA aHAINu3a TPUXOMa M OMOJIOIMIKH e(eKTH eKcTpakara
Salvia aegyptiaca L., S. fruticosa Mill. u S. lanigera Poir. (Lamiaceae) u3 JIuouje”

(,,Micromorphological and cytological analysis of trichomes and biological effects of
extracts of Salvia aegyptiaca L., S. fruticosa Mill. and S. lanigera Poir. (Lamiaceae) from
Libya“®)

N3 HAYYHC obmactu: bromomke HayKe.

Vuusepsuret je aana 25.09.2014. rogune. cBojuM akroM noxa Op. 02 Opoj: 61206-3622/2-14 nao
carJacHOCT Ha MPEJYIOT TeMe JIOKTOPCKE TUCepTallrje Koja je Tacuia;

»MuKpomMopdosiomKka M LHUTOJOIIKA AaHAJAW3a TPUXOMA U OHOIOMIKH e(eKTH
ekcrpakara Salvia aegyptiaca L., S. fruticosa Mill. m S. lanigera Poir. (Lamiaceae) u3
JIuomje”

(,,Micromorphological and cytological analysis of trichomes and biological effects of
extracts of Salvia aegyptiaca L., S. fruticosa Mill. and S. lanigera Poir. (Lamiaceae) from
Libya*)

Komucuja 3a omneHy u on0paHy JOKTOpCKe AMcepTalryje oOpa3oBaHa je Ha CEAHHIIM OpPKAHO]
09.10.2015. rox, omnykom dakyarera o 6p. 15/482-09.10.2015. rox. y cacrasy:



Nme n Mpe3nmMe YjaHa

3BaKLC

Hay4Ha 00JacT

YcraHoBa y K0joj je 3anocieH

KOMUCH] €
1. mp Coma [dyneruh- Banpeznn Mopdonoruja,  YausepsuteT y beorpany-
JlaymeBuh npopecop ¢duToxemuja u buonomku gakynrer
cUCTEeMaTuKa
Ouspaxa
Penosuu Mopdonoruja,  Yauepsuret y beorpany-
2. gp Ilerap Mapun npocecop ¢butoxemuja u buonomku dakynrer
CUCTeMaTuKa
Onspaxa
3. gp dymmuna Banpennu Dusmonoruja 1 YuuBepsutet y beorpany-
Janoresuh podecop MOJIeKynapHa Buonomku dakynrer
Omonormja Orsbaka
Mopdomnoruja,  Yauep3uteT y beorpany-
4 1p Ana llamuh HloneHt ¢dbuToxemuja u buonomku dakynrer
cUCTEeMaThKa
Ousbaxa
S.  np Cuexana byaumup Hayunu ®uzunoruja VYHusepsutet y beorpany-
CaBETHUK Onsbaka NBUCC

Hanomena: ykonuko je unad Komucuje y neH31ju HaBeCTH JIaTyM NEH3HOHKCAmbA.

HacraBHo-Hay4Ho Behe ¢akyirera npuxsaruio je pedepar Komucuje 3a oueny u ondpany
JAOKTOpCKe JUcepTanMje Ha ceiHUIM oap:kaHoj 11. nenemopa 2015. ronune.

Ipuior: 1. Pedepar koMucuje ca npeajiorom.

Jexan buonomkor ¢akynrera

[Tpod. ap Kemwko TomanoBuh

2. Akt HacraBHo-HayuHor Beha ¢akynrera o ycBajamy pedepara

3. [Ipumende nate y TOKYy cTaB/bama pedepara Ha YBU/ Y jABHOCTH, YKOJHKO je
TaKBHX NIpUMendu omJo.
4. EJeKTpoHCKA Bep3Hja.
5. Onnyka o npusHaBamy quimiome 06-613-317/4-10
6. Arch Biol Sci_Confirmation of Acceptance_Janosevic et al

7. RAD ARHIV 2013

8. Salvia species water extracts JABFQ
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Ha ocnoBy unana 128. 3akoHa o BHcCOKOM oOpasoBamy M wiaHa 59. craB 1. tauka 1.
Craryra YHuBep3uteta y beorpany-buonomkor ¢axynrera, HactaBHo-HayuHo Behe ®akynrera,
Ha |l penoBHoOj cennunu onprxkanoj 11.12.2015. rogune, noxeno je

OANJNYKY

[TpuxBara ce U3Bemraj Komucuje 3a mnperiies, oleHy ¥ oJ0paHy JOKTOPCKE TUCEpTaIdje
KaHIu1aTa:

Mp Najat Beleed Al Sheef, mox HazuBom:

»Mukpomopdgosiomka M LMTOJOIIKA aHAJIW3a TPUXOMAa H OHOJIOMIKH e(eKTH
excrpakara Salvia aegyptiaca L., S. fruticosa Mill. u S. lanigera Poir. (Lamiaceae) u3
JIuduje”

(,,Micromorphological and cytological analysis of trichomes and biological effects of
extracts of Salvia aegyptiaca L., S. fruticosa Mill. and S. lanigera Poir. (Lamiaceae) from
Libya“)

Vuusepsuret je gana 25.09.2014. romune. cBojuM akroM noxa Op. 02 Opoj: 61206-3622/2-14 nao
CarJacHOCT Ha MPeJyIoT TeMe JOKTOPCKE TUCEePTalIje KaHIuaaTa.

PajoBu 1 KOHIpecHa caoNIITEeHa U3 JTOKTOPCKe ANcepTaIHje:

Bb1. PagoBu y yaconncuma Mmel)ynapoanor 3nauaja

1. 1. Al Sheef, N.B., Duleti¢-Lausevi¢, S., Janosevi¢ D., Budimir, S., Marin, M., Alimpi¢, A.,
Giwelli, A.A.M., Marin, P.D. (2013): Micromorphology and ultrastructure of trichomes
of Libyan Salvia fruticosa Mill. Arch. Biol. Sci. Belgrade, 65(1): 239-248. M23



2. Janosevi¢, D., Budimir, S., Alimpi¢, A., Marin, P.D., Al Sheef, N.B., Giwelli, A A.M.,
Duleti¢-Lausevi¢, S. (2016): Micromorphology and histochemistry of leaf trichomes of

Salvia aegyptiaca (Lamiaceae). Arch. Biol. Sci. Belgrade, in press.  M23

Jexan buonomkor dakynarera
[Tpod. ap XKesbko TomanoBuh

JocTtaBuTu:
- YuuBepsurery y beorpany,
- JIOKTOPaHTY,
- CrpyuHoj ciyx6u DakynreTa.



HACTABHO-HAYYHOM BERY BUOJIOHIKOI' ®AKYJTETA
YHUBEP3UTETA Y BEOI'PALLY

Ha I penoBHoj cennuim HacraBno-nayuHor Beha buonomkor ¢akynrera YHuBep3urera
y beorpany, onpxxanoj 09.10.2015. ronune, npuxsahen je u3Bemiraj mentopa ap Come Jlyneruh-
JlaymeBuh o ypahenoj mokropckoj mucepranuju mp Najat Beleed Al Sheef mox maciosom
“MuxpomopdoJionika U IMUTOJOIIKA AHAJIN3a TPUXOMAa M OMOJIOIIKH eQeKTH eKcTpaKaTa
Salvia aegyptiaca L., S. fruticosa Mill. m S. lanigera Poir. (Lamiaceae) u3 Jiuouje”
(,»,Micromorphological and cytological analysis of trichomes and biological effects of
extracts of Salvia aegyptiaca L., S. fruticosa Mill. and S. lanigera Poir. (Lamiaceae) from
Libya“) u oapehena je Komucuja 3a mperiien u OlieHy JTOKTOPCKE JUCEPTAIIUje Y cacTaBy: P
Comwa Jlyneruh-Jlaymesuh, Banpennu mnpodecop buonomkxor dQaxkynrera YHuBep3uTera y
beorpany, np Ilerap [. Mapun, penoBau npodecop buosomkor dakynrera YHUBEp3UTETa y
beorpany, np Hymuna Janomesuh, Banpennu npogecop buonomikor ¢gakynrera YHuBep3uTeTa
y beorpany, ap Ana I[lamuh, nouent buomnomxkor ¢akyntera YHuep3urera y beorpaagy u ap
Cuexxana byaumup, HayuyHu caBeTHUK WHcTuTyTa 3a OHMosomika HCTpaxkuBama "'CuHHIIA
CrankoBuh" YHusepsutera y beorpany.

Komucuja je mpernemana ypaheHy AOKTOPCKY JHcepTalujy KaHIUAaTKumke U Behy

noxHocH ciienehu

N3BEIITAJ

OonmTH NIOoJAIHN O JOKTOPCKOJ IMCEPTAIIUIN

Joktopcka  amcepranmja wMp Najat Beleed Al Sheef mon  wHacmoBom
“MukpomMop¢o10IIKa U HHUTOJIOIIKA AHAIU3A TPUXOMA M OMOJIOIIKM e(eKTH eKCTpaKarTa

Salvia aegyptiaca L., S. fruticosa Mill. m S. lanigera Poir. (Lamiaceae) u3 JInouje”

1



(,,Micromorphological and cytological analysis of trichomes and biological effects of
extracts of Salvia aegyptiaca L., S. fruticosa Mill. and S. lanigera Poir. (Lamiaceae) from
Libya®), je nanmcana mnpema VYmyTcTBUMa 3a OOJHMKOBamkE JOKTOPCKE JHCEpTaIje
Yuusep3utera y beorpany. ducepranuja oOyxBara yoOu4ajeHa MoriaBjba, y OKBUPY KOjUX CY
Ha ojaroBapajyhuMm mecTuMa mnpukasaHe tabene W wiycrparnuje. Ha kpajy je HaBeieHa imcTa
JUTEpaTypHUX HABOJA KOjU Cy IUTUPAHU Y OKBHPY aucepranuje. Jucepranuja je HanmucaHa Ha

164 nymepucane crpane. Caapxu 20 Tabena, 66 cnuka u 386 pedepeHun.

AHAJIN3A TOKTOPCKE JUCEPTALIMJE

VY nmokropckoj aucepranuju Kanmuaatkuiba Najat Beleed Al Sheef je mnpukaszana
pe3yirtate HUCTpaXKUBamkba MHKPOMOP(DOJIOTHje, IHUTOJOTHje W XHUCTOXEMHjEe TIaHTYJIapHUX
TPUXOMa, Ka0 U XEMH]jCKOT' cacTaBa U OHMOJIOIIKE aKTHBHOCTH eKCTpakaTta Tpu Bpcte roda Salvia
(xanduje), koje Cy cakyIsbeHe Ha JIOKaIuTeTuMa y JInouju.

Y npBoM, YBOJHOM JieNy, 1aTH Cy OIIITH IOAAIH O O JICKOBUTHUM OUJbKama, moceOHO U3
damunuje ycuaruna (Lamiaceae). Jlar je mperyen JuTepaType O MHUKPOMOPQOJIOIIKUM,
[IUTOJIOIIKMM HCIUTHBakbMMa, Kao W OHOJOIMIKMM akThBHOcTMMa Bpcra roda Salvia. Kpos
HEKOJIMKO TIIOJIHACIIOBA Jlaje C€ TMperie]] JIMTepaTypHUX I[0ojaTaka O aHTHOKCHJIATHBHHM,
[IUTOTOKCUYHUM, aHTHMHUKPOOHUM W aHTHHEYPOJCTreHepaTHBHUM e(eKTHMa eTapCKuX yjba H
eKCTpakaTa JAOOMjeHHWX W3 TMpeICTaBHHKA (aMuiIfje yCHATHIA, a 3aTHM C€ JIETaJbHO HaBOJIE
aKTUBHOCTH OuWsbaka W3 poja Salvia, ka0 W HBUXOBE MHKPOMOP(]OIOIIKE W XHCTOXEMH]jCKE
KapaKTepUCTHUKE. 3aTUM Ce ONHCY]y BpcTe kaluje ogadpaHe 3a HUCTPAXKUBAEKE Y JTIOKTOPCKO]
JIWCepTalliju W Jaje Tperiiea JIMTEpaTypHUX ToJaTaka O TMPETXOJHUM HCTPOKUBAKBHMA
OMOJIOUIKMX JIejCTaBa BUXOBUX €TApCKUX YJba M eKCTpakaTta. MukpoMopdosomnika, UTONONIKA
Y XMCTOXEMH]CKa UCTPKUBaa JI0 caJia HUCY pal)eHa Ha OBUM BpcTama.

Ilocne oBor oxesbka (opMynucaHu cy HayYHM LWJbEBU JMCEpTaldje KOju Cy
O00yXBaTHJIM: MHKPOMOP(]OIIOINIKY, IMTOJIOMIKY M XHCTOXEMHJjCKY aHAIM3y JIMCHUX TPHUXOMa
(mmauymma) omabpaHWX BpCTa; XEMHJCKY aHalu3y JUXJIOPMETAHCKHX, €THJI alleTaTHUX,
alleTOHCKHUX, C€TAaHOJHMWX, METAHOJNHUX ¥ BOJCHUX EKCTpakaTa WCIUTHBAHUX BPCTA;
UCTPAKUBAHE AHTHOKCHUIATUBHOT, AHTUMHUKPOOHOT, [IUTOTOKCUYHOT u
aHTUHEYPOJETEHEPaTUBHOI JIejCTBa EKCTpakaTa ca IWbeM YTBphUBama IOTECHIINjATHOT

aTUTMKaTUBHOT 3Ha4aja.



[Tornaspe MaTepujan U MeTO/E OPraHM30BAaHO je Y BHIIE MOTIOINIaBJba. JlaT je omuc
MOCTYNKa CaKyIUbamba M O0pane OWJPHOT MaTepHjajia; ONKMCaHE Cy METOJE CBETJIIOCHE U
EJIEKTPOHCKE MHKpPOCKOIIM]j€; OMHCaHa NpUIpeMa HEKOJMKO EKCTpakara W HUXOBA aHaln3a
TedHOM XpoMmaTorpadujom noxa BucokuM nputuckom (HPLC); ogpehuBame caapxkaja penona u
¢aBoHOMA; OJpehuBambe aHTHOKCUIaTHBHE aKTUBHOCTH Ca YeTHpH Metone kopuirhemem UV
criektpodoTomerpuje; oapehuBame LUTOTOKCHMYHE akTHBHOCTHM mpumeHoM MTT Tecra,
AaHTUOAKTEPHUjCKE U aHTH(YHraJTHE aKTHBHOCTH KOpUIIThelheM MUKPOAMIYIIHOHE MeToe N Vitro;
WHXUOWIIM]jE eH3MMa MTOBE3aHUX Ca HEYPOIer€HEePaTUBHUM IIPOMEHaMa.

VY nornasspy Pedynratu u auckycuja, 1001jeHU pe3yaTaTy Cy IpylnucaHu y oaronapajyhe
LEJTMHE y OKBUPY MOCEOHUX MOJHACIIOBA, Y KOjHMa Ce MPEe/CTaBJbajy H00HjeHN OJalH 3a CBaKy
BpCTy, o0OyxBarajyhm  MHUKDOCKOIICKE  aHajW3€e, AaHTUOKCHIATHBHY, IIMTOTOKCHUYHY,
AaHTUMUKPOOHY W aHTHHEYpOJETeHEpaTUBHY AaKTHBHOCT €KCTpakara. Pesynratu cy, mopex
TEKCTYyaJHOT JeJla, IMpHUKa3aHH y OOJIMKY aJeKBaTHHX WIycTpanuja W Tabema. Y CBakoM
NOTIOTJIaBJbY, NTOOMjEHU PE3yNTaTh Cy TYMauyeHW M JUCKYTOBaHH y mopehemy ca HaydHUM
cazHambKMMa y OBUM 00JIacTHMa, KpPO3 aHaJIHM3y pe3yiTara JOOHjeHHX y OKBHPY JUCEpTaldje U
J0CaallllbUX pe3yaTara JoOUjeHuX KO APYrux BpcTa poaa Salvia u3 pa3nuyuuTux peruoHa, 3a
UCIHUTHBAaHE KapaKTePUCTUKE U aKTUBHOCTH. Tabene u npunaaajyhu TEKCTOBU Cy NMPE3€HTOBAHU
Ha Ha4YMH KOju oMoryhyje nako npaheme Toka 1 pefocie/ia HCTPakUBamba.

VY npBOM MOTHOTIIaBJby MPUKa3aHU Cy PE3YJITATH U ITUCKYCHja KOjU C€ OJJHOCE Ha BPCTY
Salvia aegyptiaca. Mehy rmamaymapHuUM TpUXoMama, pa3jiMKyjy C€ MeITaTHE M KaluTaTHe
TPUXOME ca KpaTKHUM M JIyTUM JpIIKaMma, JOK XHCTOXEMMjCKa HajHu3a IOKa3yje KOMIUIEKCaH
cacTaB ceKkpeTa OBUX Tpuxoma. J[oOujeH je BUCOK cajipkaj (heHona U (hIaBOHOMA Yy €TaHOTHOM
eKCTpaKkTy y nopehemwy ca ocraiuMm BpcTama. ETaHOTHM €KCTpakT OBE BPCTE j€ MOKa3ao jaKy
AHTHOKCHUIATUBHY aKTHBHOCT Y TPH MPUMEH-EHA TECTA.

VY Apyrom moTnoriaBiby MpHUKa3aHU Cy pe3yJTaTH U TUCKYCHja KOjU Ce OJHOCE Ha BPCTY
Salvia fruticosa. Meby »ne3nanuM, pas3iIHMKyjy ce MENTaTHE U KallUTaTHE TPUXOME CBPCTaHE Y
MeT TOJATUIIOBA, Kao M nurutudopmHe Tpuxome. Bucok campxkaj denoma u ¢daaBoHOHWIA je
nobujeH y auxjopMeTanckoM ekctpakty. HPLC ananmsa je mokasaiia mpucycTBO kKadewdHe n
PY3MapHHCKE KHCEIMHE y METAaHOJIHOM M BOJACHOM EKCTPakTy. ETaHOIHM €KCTpakT je Mmoka3ao
HajBehy aHTHOKCHUIATUBHY aKTHUBHOCT y CBUM IPHUMEHEHUM TECTOBUMA. LIMTOTOKCHYHU U

anTudyHraiHn edexar je olnemeH Kao ciaad, MoK je aHTHOAaKTepujcKu edeKkaT eTaHOJIHOT



eKCTpakTa jaun Ha ['paM-no3utuBHE Oakrepuje. ETaHONHM M BOJCHM EKCTPAKTH Cy IMOKa3aJin
jaKy MHXUOUIMjy THPO3MHA3¢ HA TECTUPAaHHM KOHICHTpAIlMjaMa, jady OJ CTaHaapja KOjHduHe
KHCEJIHHE.

VY tpehem moTmoriaBiby MpUKa3zaHu Cy PE3yNITaTH U JUCKYCHja KOJH CE€ OJHOCE Ha BPCTY
Salvia lanigera. O rnanaynapuux, Hal)eHe Cy MeATaTHE W KalUTaTHE TPUXOME Ca KPaTKoM
npmkoM. Bucok caapikaj geHomna je 100MjeH y NTMXJIOPMETaHCKOM €KCTPakTy, a (iaBoHOUIA y
etun aneratHoM ekcrtpakty. HPLC ananm3a je mokasana mpucycTBO KadewdyHe amu HE U
pY3MapHHCKe KHCelnuHe. BoJeHn eKCTpakT je moka3ao Hajehy aHTHOKCHMAATUBHY aKTUBHOCT Y
TP IpUMemeHa TecTa, a MetaHosHu y FRAP Tecty. LlutoTokcnynu u antudyHramsu edekar je
OLICHEH Kao cinald, MoK je aHTHOakTepujcku edekaT eTaHOJHOI eKCTpakTa jaun Ha [pam-
NMo3UTHBHE OakTepuje. ETaHOMHM W BOJEGHM EKCTPAKTH Cy IMOKA3alHd jaKy HMHXUOUIH]Y
TUPO3MHA3€¢ HAa TECTHPAHUM KOHIICHTpAllMjamMa, jauy o] CTaHIapa KOjUIHE KUCEIHUHE.

CBako 0] MMOTIIOTJIaBJba j€ aJICKBATHO TMCKYTOBAHO, KPO3 mopeheme ca JIUTepaTypHUM
MoJIaI[iMa O MUKPOCKOIICKUM U XEMHjCKUM KapaKTEPUCTHKaMa ¥ OMOAKTHBHOCTHMA JIOOW]jEHUM
3a Ipyre BpCTe )Kandwuja.

Tpeba moceOHO HariIacUTH Ja Cy MUKPOMOPQOJIONIKA, IIUTOJOMIKA U XUCTOXEMH)CKa
UCTpaXMBamka TpBH NMyT palleHa Ha OBUM Bpcrama. Y JHMTEpaTypud HE TOCTOje TMOJAIM 3a
OMOJIOIIKEe aKTUBHOCTH €KCTpaKaTa OBUX BpCTa koje pacTy y JIubuju. McnutuBama O6uoiomike
aKTUBHOCTH Cy TIOKa3ajna no0pe pe3ynTare aHTHOKCHIAATHBHE AaKTHBHOCTH I10jeIMHHUX
eKCTpakaTta, Kao M Yy HMHXHOWIIMJH €H3MMa IOBE3aHUX ca HEypoJereHepalfjoM, MoceOHO
Tupo3uHa3e. Hekn excTpakTtu OM CTOra MOTJIM UMAaTH MOTEHIMjalIHY TPUMEHY Y UHAYCTPHjH
XpaHe WK (apMareyTcKkoj HHIYCTPHjH, MOCIe AaJbUX XEMH]CKAX aHaIM3a M mpoBepe y in Vivo
eKCIIEpUMEHTHMa, C 003UPOM Ha 3Ha4a] yIoTpeOe MPUPOIHUX MPOAYyKaTa 32 UCXPaHy U JICUCHE.

Ha xpajy cy cymupanu pe3ynataTud JOOHJEHH TOKOM H3paje MOKTOPCKE JHMCEpTalnje U
W3BOJICHM  3aK/bydlld O  MHUKPOMOPQOIOIIKHM, IUTOJOMIKUM U  XHUCTOXEMH)CKUM
KapaKTepUCTHKaMa, Kao M OHWOJIONIKUM aKTHBHOCTMMA EKCTpaKaTa TNpOoy4YaBaHUX BpCTa W3
JIubwnje.

[Tornarsse Pedepeniie caapxu 386 Ondmorpadckux jenuauna. JInreparypHu U3BOPH CY

aZICKBATHO U Ha O,E[TOBapajth/IM MCCTHMA HUTHUPAHU Y TCKCTY JOKTOPCKE ,Z[I/ICCpTaI_II/IjC.



KPATKA BUOT'PA®UIA

Najat Beleed Al Sheef je pohena 10. 06. 1975. y Jlabuapy, JIubuja. OcHoBHE cTynuje
3appuimia je y Jluouju 1998. ma Al-Mergeb University, Faculty of Arts and Science, Dept.
Biology, Botany section, Khoms. Marucrapcku pax y oO0JacTH TaKCOHOMHje Ouibaka je

onopanmia 2005. roguHe HA UICTOM Y HUBEP3UTETY, T/I€ j€ U 3amociieHa oa 1999. rogune.

BUBJIMOI'PAOPUJA
PAJOBHU U3 IOKTOPCKE JUCEPTAIIUJE

PanoBu y yaconucuma melynapoanor 3nauaja

PanoBu y yaconucuma melhynapoanor 3nauaja M23:

1. Al Sheef, N.B., Duleti¢-Lausevi¢, S., Janosevi¢ D., Budimir, S., Marin, M., Alimpi¢, A.,
Giwelli, A.A.M., Marin, P.D. (2013): Micromorphology and ultrastructure of trichomes
of Libyan Salvia fruticosa Mill. Arch. Biol. Sci. Belgrade, 65(1): 239-248.

2. Janosevi¢, D., Budimir, S., Alimpi¢, A., Marin, P.D., Al Sheef, N.B., Giwelli, A AM.,
Duleti¢-Lausevi¢, S. (2016): Micromorphology and histochemistry of leaf trichomes of
Salvia aegyptiaca (Lamiaceae). Arch. Biol. Sci. Belgrade, in press.

Hamomena: mopen rope HaBeAEHUX pajoBa, J€0 pe3yiTaTa AaHTUOKCHIATHBHOT U

IUTOTOKCHYHOT JIejCTBA je mpuKas3aH y paay: Alimpié¢, A., Kotur, N., Stankovi¢, B., Marin, P.D.,

Matevski, V., Al Sheef, N.B., Duleti¢-Lausevi¢, S. (2015): The in vitro antioxidative and

cytotoxic effects of selected Salvia species water extracts. Journal of Applied Botany and Food

Quality, 88: 115-119.

PanoBu caonmrenun Ha cKynoBuMa Mel)yHapoaHor 3Havaja mramnanu y ussony M34:

1. JanoSevi¢, D., Budimir, S., Duleti¢-LauSevié, S., Alimpi¢, A., Marin, P.D., Al Sheef, N.B.,
Giweli, A.A. (2013). Micromorphology and histochemistry of Salvia aegyptiaca L. leaf
trichomes. 1st International Conference on Plant Biology. 20th Symposium of Serbian

Plant Physiology Society. Subotica, Serbia. June 4-7. Book of abrstracts: 89.



2. Duleti¢-Lausevié, S., Alimpié, A., Knezevié, A., Staji¢, M., Al Sheef, N., Giweli, A., Mileski,
K., Marin, P. (2014). Antioxidant and antifungal activities of ethanol extract of Libyan
Salvia lanigera. 8th CMAPSEEC. Durres, Albania. May 19-22. Book of abstracts: 122.

3. Duletié-Lausevi¢, S., Alimpié, A., Stevié, T., Cur¢i¢, M., Savikin, K., Al Sheef, N.B.,
Markovi¢, S. (2015). Evaluation of antioxidant, antibacterial and cytotoxic activity of
libyan Salvia fruticosa ethanol extract. 2nd International conference on Plant Biology,
21st Symposium of the Serbian Plant Physiology Society, COST ACTION FA1106
QUALITYFRUIT Workshop. Petnica, Serbia. June 17-20. Book of abstracts: 74.
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Abstract - Micromorphological and ultrastructural analyses of the leaf trichomes of Salvia fruticosa Mill. were performed
by light and electron microscopy. The leaves bear numerous non-glandular unbranched trichomes, and peltate, capitate
and digitiform glandular trichomes. Very elongated flagelliform non-glandular trichomes densely covered the leaf sur-
faces, with especially abundance on the leaf margins. Peltate trichomes consist of a basal epidermal cell, a very short stalk
cell and a large round head of eight secretory cells arranged in a circle. Capitate trichomes can be divided into two main
types, short-stalked and long-stalked, and further into five subtypes according to the number of stalk cells, morphology
and number of glandular head cells. Digitiform trichomes consist of one basal cell, one or two stalk cells and one apical
secretory cell, which are of similar diameter and approximately equal length.

Key words: Salvia fruticosa, Lamiaceae, trichome types, micromorphology, ultrastructure

INTRODUCTION In the Lamiaceae family, the morphology, dis-

tribution and frequency of glandular hairs are used

Salvia L. (sage), the largest genus of the Lamiaceae as discriminative characters at various intrafamilial
family, encompasses about 900 species distributed levels. There are a number of studies on the foliar

worldwide (Standley and Williams, 1973). Salvia micromorphology of the genus (Serrato-Valenti et
species have been used in traditional medicine all al., 1997; Corsi and Bottega, 1999; Kaya et al., 2003;

around the world since the ancient times. Their es- Kamatou et al., 2007; Ozkan, 2008; Kahraman et
sential oils and extracts have shown antimicrobial, al., 2009; Baran et al., 2010; Celep et al., 2011). The
antioxidant, antidiabetic, antitumor, antiplasmodial leaves of numerous plants, including Salvia species,
and anti-inflammatory activities (Sivropolou et al., are densely covered with glandular and non-glandu-
1997; Dorman and Deans, 2000; Ulubelen, 2003; lar trichomes, which originate from epidermal cells

Tepe et al., 2004; Kamatou et al., 2008; Senol et al., (Werker, 2000). Developmental and structural stud-
2010; Chan et al., 2011). Many Salvia species are ies of trichomes can shed light on the nature of the

used as herbal tea and in food, cosmetics, perfumery secreted material and their functional significance.
and the pharmaceutical industry, and some species Plant species bearing glandular trichomes generally
are grown in gardens as ornamental plants (Kahra- produce relatively large amounts of bioactive com-
man et al., 2010). pounds, which include highly concentrated phyto-
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chemicals possessing biological activity and potential
applications in the pharmaceutical or food industries
(Duke, 1994; Burt, 2004; Giuliani and Maleci Bini,
2008, Miguel, 2010). The essential oil produced by
glandular trichomes is one of the characteristic fea-
tures for the Lamiaceae family (Werker et al., 1985).

Salvia fruticosa Mill. (Greek sage) is an aromatic
perennial herb or sub-shrub. This species is native in
the eastern Mediterranean basin, distributed from
Italy, Sicily and Cyrenaica, through the southern
Balkan Peninsula to western Syria (Hedge, 1982,
Greuter et al., 1986). It is one of the most economi-
cally important Salvia species, valued for its beauty,
medicinal properties, culinary usage, along with its
sweet nectar and pollen, and has had an especially
long tradition in application in Greece. S. fruticosa
originating from Greece, Turkey, Lebanon and Jor-
dan, was studied from different aspects, such as the
chemical composition or genetic variation of essen-
tial oils, antimicrobial, cytotoxic, antiviral, antifun-
gal, antioxidant effects of essential oils and extracts
(Bayrak et Augul, 1987; Miiller-Riebau et al., 1997;
Sivropolou et al., 1997; Karousou et al., 1998; Skoula
1999; Abou-Jawdah et al., 2002; Pitarokili et al., 2003;
Arikat, 2004; Savelev et al., 2004; Tawaha et al., 2007;
Papageorgiou et al., 2008; Senol et al., 2010).

Considering the importance of Salvia fruticosa
L. as a medicinal plant, due to the essential oils pro-
duced in the glandular trichomes, and lack of data
about the leaf ultrastructure and micromorphology,
a comprehensive study of the trichomes distributed
on adult leaves was done.

MATERIALS AND METHODS
Plant material

Aerial parts of the plants were collected during the
flowering period from natural populations in Biadda,
which is located on the Green Mountain. in eastern
Libya, in March 2010. Voucher samples are stored in
the Herbarium of the Institute of Botany and Botani-
cal Garden “Jevremovac’, Faculty of Biology, Univer-
sity of Belgrade.

Microscopical investigation

For light microscopy (LM), leaf sections of S. fru-
ticosa were fixed with 3% glutaraldehyde in 0.1 M
sodium phosphate buffer, pH 7.2, for 24 h at 4°C.
Subsequently, the material was washed in sodium
phosphate buffer 3 times over 2 h, post-fixed in 1%
osmium tetroxide in same buffer, for 24 h at 4°C. The
fixed material was washed with distilled water, dehy-
drated in a graded ethanol series and embedded in
Araldite resin CY 212 (Agar Scientific Ltd. England).
Semi-thin cross sections (1-1.5 pm thick) were cut
on a LKB III ultramicrotome and stained with 0.1%
methylene blue in 1% borax. Sections were photo-
graphed under a Zeiss Axiovert microscope (Carl
Zeiss GmbH, Géttingen, Germany).

For transmission electron microscopy (TEM), ul-
tra-thin sections were stained with uranyl acetate and
lead citrate and examined with a MORGAGNI 268
(FEI Company, Eindhoven, The Netherlands) trans-
mission electron microscope operated at 100 kV.

For scanning electron microscopy (SEM), adult
leaf segments were coated with a thin layer of gold
and palladium in a BAL-TEC SCD 005 sputter coat-
er. Both adaxial and abaxial surfaces were examined
with a JEOL JSM-6390 LV at an acceleration voltage
of 13 kV.

RESULTS

The densely-pubescent leaves bear numerous non-
glandular and glandular trichomes on both sur-
faces. Non-glandular trichomes densely covered
the whole leaf surface, but were more abundant on
the abaxial leaf side (Fig. 1). Particular abundance
was noticed on the margins. They are single, uni-
seriate, multicellular, pointed, and erect. Numerous
trichomes are very elongated, flagelliform, variable
in length, consist of five or more cells and are sup-
ported by epidermal cells. During the development
of the leaf, the density of non-glandular trichomes
decreases, although they remain abundant on both
surfaces of mature leaves, predominating on the
margin and veins of the abaxial surface.
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Fig. 1. SEM micrograph showing the morphology of non-glan-
dular and glandular trichomes on the leaf surface of S. fruticosa.

The glandular trichomes are of three main
types — peltate, capitate and digitiform. Peltate tri-
chomes have, in vivo, a green to brownish color
and balloon shape (Fig. 2). They consist of the ba-
sal epidermal cell, a very short stalk cell and a large
round head of eight secretory cells arranged in a
circle (Fig. 3). The peltate glandular hairs have a
smooth surface indicating the close attachment of
the cuticle to the secretory upper cell walls (Fig.
2). The large space in which the secreted material
accumulated developed at the time of secretion by
the elevation of the cuticle together with the out-
ermost layer of the secretory cell walls (Fig. 3). An
equatorial line of weakness became a visible round
head (Fig. 2); the rupture of the cuticle along this
line and subsequent rise of the cuticular cap led to
release of exudate.

Capitate trichomes can be divided into two main
types, short-stalked and long-stalked, and further
into five subtypes according to the number of stalk
cells, the morphology and the number of glandular
head cells, and the secretion process. Short-stalked
capitate trichomes subtype I possess one basal cell,
one stalk cell with thick cutinized lateral walls and
a bicellular ovoid glandular head (Fig. 4). Subtype
IT have one basal cell, two stalk cells and a globoid
secretory head of two cells (Fig. 5), while subtype

Fig. 2. SEM micrograph of peltate trichome. Note equatorial line
™.

III capitate trichomes have one basal cell, one stalk
cell and one head cell (Fig. 6). The secretory prod-
uct accumulates inside the apical cells (Fig. 7). Long-
stalked capitate trichomes subtype IV possess one
basal cell, a long two-celled stalk and a unicellular
spherical head (Fig. 8); subtype V have one basal cell,
a three-celled stalk and also one cell in the spherical
glandular head (Fig. 9).

Digitiform trichomes consist of one basal cell,
one or two stalk cells and one apical secretory cell.
The cells are of similar diameter and approximately
equal length (Fig. 10). There is no clear distinction
between the head and stalk cells. The glandular
apical cells have rounded tips, thin walls and are
rich in cytoplasm (Fig. 11). The apical cell of a few
digitiform trichomes possesses very small subcu-
ticular spaces, but many of them have not devel-
oped a subcuticular space (Fig. 11, 12). In the se-
cretory phase, digitiform trichomes cells contained
a dense cytoplasm, numerous dark organelles, os-
miophilic drops and translucent vacuoles, and the
outer cell wall was covered with a thick cuticle (Fig.
11). During further development, as a result of the
accumulation of secretion, the periplasmatic space
gradually enlarged, leading to a drastic retraction
of the plasma membrane from the cell wall (Fig.
12).
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Fig. 3. LM micrograph of peltate trichome of S. fru-
ticosa showing basal epidermal cell, very short stalk
cell and large head of eight secretory cells.

Fig. 4. LM micrograph of short stalked capitate
trichome subtype L.

Fig. 5. LM micrograph of short stalked capitate
trichome subtype II.

Fig. 6. LM micrograph of short stalked capitate
trichome subtype III.

Fig. 7. TEM micrograph of capitate trichome sub-
type III showing the secretory product -lipid drop-
let (*) inside the apical cell.

Fig. 8. LM micrograph of long-stalked capitate
trichome subtype IV.

Fig. 9. LM micrograph of long-stalked capitate
trichome subtype V.
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Fig. 10. LM micrograph of digitiform trichome of S. fruticosa.

Fig. 11. TEM micrograph of the apical cell of digitiform trichome. Note lipid droplets (*).
Fig. 12. TEM micrograph of the apical cell of digitiform trichome. Note periplasmatic space (*) and subcuticular space (1) filled with

secreted material.

DISCUSSION

The presence of non-glandular and glandular hairs
is characteristic for Lamiaceae species (Werker et al.,
1985). The distribution of non-glandular trichomes
on the epidermis is a natural phenomenon in most
angiosperms and could be associated with protection
against foraging insects and airborne propagules of
fungi (Fahn, 1967).

Glandular trichomes vary in morphology, struc-
ture and in number per unit area of the epidermis,
among species and organs (Serrato-Valenti et al.,
1997; Ascensao et al., 1999). Researchers have mostly
found two main types on the leaves and flowers of
different Lamiaceae species; peltate with a large se-
cretory head, and capitate trichomes with a stalk and
small head. Different variations have been observed
in the studied species, in stalk length, head shape and
number of cells, release of secretion products, etc.

Several Salvia species were studied for their glan-
dular hair characteristics and essential oils compo-
sition. Different types of glandular trichomes were
found in different species. The results obtained in
this research showed that peltate, capitate and digi-
tiform glandular hairs are present on the leaves of S.
fruticosa.

Peltate trichomes are usually composed of a ba-
sal epidermal cell, a short, wide stalk cell and a large
round head of several secretory cells, which could
vary in number among Salvia species from four cells
in S. blepharophylla (Bisio et al., 1999) and S. verticil-
lata (Krsti¢ et al., 2006) to six or eight cells in a sin-
gle disc in S. aurea (Serrato-Valenti et al., 1997) and
S. officinalis (Werker et al. 1985), or by 12-18 cells
arranged in two concentric circles with four central
and eight or more peripheral cells (Corsi and Bot-
tega, 1999; Kamatou et al., 2006; Ozkan, 2008; Baran
et al., 2010; Kahraman et al., 2010). The present
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study showed that S. fruticosa has peltate glandular
trichomes consisting of a basal epidermal cell, a very
short stalk cell with cutinized lateral walls and large
round head of eight secretory cells arranged in a cir-
cle, as was observed in some of the studied Salvia
species.

Capitate trichomes are also widespread in La-
miaceae, but they are more variable in stalk length
and head shape. They generally consist of one to two
stalk cell(s) and one to two cell(s) forming a rounded
to pear-shaped secretory head (Werker et al. 1985).
Variations in capitate trichomes were noticed, and
Werker et al. (1985) for the first time classified capi-
tate hairs as types I, II and III, according to their
morphology and secretion mode. Following Werker
et al. (1985), type IV capitate hairs were described
in S. officinalis by Corsi and Bottega (1999). Sever-
al researchers divided capitate trichomes into only
two types according to the dimensions of the stalk,
the morphology of glandular head and the secre-
tion process (Ascensao et al., 1999; Serrato-Valenti
et al., 1997, Bisio et al., 1999). Serrato-Valenti et al.
(1997) in S. aurea described the capitate trichome
type 1 consisting of a short stalk and bicellular head,
and capitate trichome type 2 consisting of 1-4 stalk
cells, a narrow neck cell and globose unicellular
head; similar types were found in S. blepharophylla
(Bisio etal., 1999), S. albicaulis, S. dolomitica (Kama-
tou et al., 2007), etc. In our research we noticed two
main types, short-stalked and long-stalked capitate
trichomes, but further divided into five subtypes ac-
cording to the number of stalk cells, the morphol-
ogy and the number of the glandular secretory head
cells and the secretion process. Short-stalked capitate
trichomes subtype I have one stalk cell and a bicel-
lular ovoid head, while subtype II have two stalk cells
and a globoid glandular head, consisting of two cells.
Subtype III of capitate trichomes have one stalk cell
and one head cell. Long-stalked capitate trichomes
subtypes IV and V have a unicellular spherical glan-
dular cell, but these types of trichomes have a differ-
ent number of stalk cells. Some other Salvia species
also shown variations in the morphology of capitate
trichomes, and been divided into more subtypes,
such as S. chrysophylla with 4 subtypes (Kahraman

et al,, 2010), S. officinalis (Corsi et Bottega, 1999), or
3 types in S. smyrnea (Baran et al., 2010), S. verticil-
lata (Krsti¢ et al., 2006), and S. argentea (Baran et
al., 2010). Because of the great variations in structure
and size of capitate trichomes, and since they form
part of the floral specialized properties for pollina-
tion, some authors emphasize their significance as a
taxonomic character of the Lamiaceae (Navarro et El
Oulalidi, 2000).

In the analyzed leaves of S. fruticosa, one specific
type of glandular trichome was observed - digitiform
trichomes. These trichomes are less abundant than
peltate and capitate trichomes. A digitiform type of
glandular trichome was reported for some Lamiace-
ae species, such as Plectranthus ornatus (Ascensao et
al., 1999). These trichomes consist of three to four
cells, in line, of similar diameter and approximately
equal length (one basal, one to two stalk cells and
one apical, head-like cell which does not develop a
subcuticular space). There is no clear distinction be-
tween head and stalk cells. Talebi et al. (2012) found
four types of digitiform trichomes in Ziziphora tenu-
ior (one- to four-celled).

Ultrastructural analyses are important in tri-
chome research because the relations among mor-
phology, cytology and secretion processes can be
established. Ultrastructural changes during the se-
cretory phase of glandular trichomes were charac-
terized by proliferation of the endomembrane sys-
tem. Numerous mitochondria are connected with
the high metabolic activity of the cell (Dunki¢ et al.,
2007). Smooth ER, leucoplasts without thylakoids
containing osmophilic drops, are characteristic or-
ganelles involved in terpene production, while dic-
tyosomes are responsible for polysaccharide produc-
tion (Cheniclet and Carde, 1985; Dunki¢ et al., 2007;
Huang et al., 2008).

The analysis conducted and presented showed
that S. fruticosa is very rich from the aspect of glan-
dular trichome diversity and quantity. It is suggested
that the secretions of the glandular trichomes may
be involved in the chemical defense of the plants, or
may guide insects, or act as floral rewards to pollina-
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tors, but the specific function of each trichome type
is not known (Ascensao et al., 1999). Detailed studies
of the morphology, anatomy and ultrastructure may
be useful in the interpretation of their functions. The
abundant non-glandular hairs are involved in me-
chanical defense, and protect the plant from exces-
sive transpiration and insolation (Corsi and Bottega,
1999).

Some authors (Baran et al., 2010) assumed that
features such as abundance and the diversity of glan-
dular trichomes on plant organs, the presence or ab-
sence of neck cells, the thickness of their side walls
and the stalk length, could show variation accord-
ing to the xeromorphic character of the plants. The
abundant and diverse glandular trichomes and long
stalks of the capitate trichomes of S. fruticosa show
the xeromorphic character of the investigated plant
species which, in its native environment, grows as
part of the Maquis shrubland and is very drought-
resistant.
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Summary

The current paper presents antioxidant and cytotoxic activities and
total phenolic and flavonoid content of the selected species of ge-
nus Salvia (Lamiaceae) growing wild in Macedonia (S. jurisicii
KoSanin, S. amplexicaulis Lam., S. ringens Sibth. & Sm.) and Libya
(S. fruticosa Mill. and S. lanigera Poir.). Crude water extracts, ob-
tained from aerial parts, were yielded from 6.50 to 14.32%. Total
phenolic content was the highest in water extracts of S. amplexi-
caulis and S. ringens (226.30 and 189.01 mg GAE/g, respectively),
while the flavonoids were the most abundant in S. jurisicii extract
(32.36 mg QE/g). Antioxidant activities of extracts were measured
using DPPH, ABTS and FRAP assays. S. amplexicaulis and S. rin-
gens extracts showed the strongest antioxidant activity, measured
using DPPH (14.21 and 23.44 pg/mL, respectively) and ABTS assays
(291 and 2.42 mg AAE/g, respectively). In FRAP assay, S. amplexi-
caulis and S. fruticosa extracts exhibited strongest activity (1406.73
and 1191.51 umol Fe(I)/g). Water extract of S. amplexicaulis and
S. ringens performed the strongest cytotoxic activity against K562
cells (151.07 and 173.06 pg/mL, respectively). Based on these fin-
dings, it can be concluded that S. amplexicaulis and S. ringens water
extracts could be considered as possible source of antioxidant and
cytotoxic agents.

Introduction

The genus Salvia (Lamiaceae) represents an enormous and cosmo-
politan assemblage of nearly 1000 species worldwide of which 36
were found in Europe (HEDGE, 1972) and 10 in Libya (JAFRI and
EL-GADI, 1985). The representatives of Salvia genus are widely cul-
tivated and used in flavoring and folk medicines.

Sage and rosemary from the Lamiaceae family were shown to have
similar patterns of phenolic compounds and the antioxidant activi-
ty had been attributed mainly to carnosic, rosmarinic acid and their
isomers. Additional classes of active compounds include terpenoids,
flavonoids and other phenolic acids (LU and Foo, 2001). Majority of
these compounds, excluding terpenoids, are water-soluble and pre-
sent in aqueous extract obtained using common techniques of extrac-
tion (TTwWARTI et al., 2011).

The genus Salvia was the research topic of numerous chemical,
medicinal and pharmacological studies. Species of Salvia showed
diverse biological activities of plant material and/or isolated essen-
tial oil/extracts due to the presence of large number of different com-
pounds. The antioxidant (COULADIS et al., 2003; JANICSAK et al.,
2010; ORHAN et al., 2013; ALIMPIC et al., 2014), cytotoxic (FIORE
et al., 2006; KAMATOU et al., 2005; JANICSAK et al., 2007; ABU-
DAHAB et al., 2012), antimicrobial (KAMATOU et al., 2005; HAWAS
and EL-ASNARI, 2006), antiinflammatory (KAMATOU et al., 2005;

* Corresponding author

2010), antimalarial (KAMATOU et al., 2005), anticholinesterase
(SENOL et al., 2010, ORHAN et al., 2012; 2013), etc. effects were
reported.

S. jurisicii KoSanin, perennial herb inhabiting arid habitats, is an
endemic species in the central part of Republic of Macedonia
(HEDGE, 1972). It was previously investigated for antioxidant activi-
ty (JANICSAK et al., 2010).

S. amplexicaulis Lam. is a perennial plant, distributed on Balkan
Peninsula (HEDGE, 1972). It was investigated for vasodepressor
(ULUBELEN, 2003), antioxidant, and neurobiological activity (OR-
HAN et al., 2012) of extracts.

S. ringens Sibth. & Sm. is a hardy herbaceous perennial plant, dis-
tributed in South and Eastern parts of Balkan peninsula (HEDGE,
1972). Total acetone extract and some isolated compounds showed
cytotoxic activity against HeLa cells (JANICSAK et al., 2007), while
ethanol extracts performed strong antioxidant activity (COULADIS
et al., 2003).

S. lanigera Poir. is perennial herb with thick woody rootstock dis-
tributed in North Africa, from northern Egypt and Arabia, to the
south of Turkey and Iran (JAFRI and EL-GADI, 1985). There are a few
reports on phenolic composition, antimicrobial and cytotoxic activi-
ty of S. lanigera extracts (HAWAS and EL-ASNARI, 2006; SHAHEEN
etal., 2011).

S. fruticosa Mill. (S. triloba L.) is subshrub distributed in Canary
Islands and North Africa. It is sometimes used for flavouring tea and
cultivated as an ornamental plant (JAFRI and EL-GADI, 1985). Jor-
danian S. fruticosa ethanol extract performed significant cytotoxic
activity (ABU-DAHAB et al., 2012).

The objective of this study was to investigate antioxidative and cyto-
toxic activity as well as phenolic/flavonoid contents in water extracts
of selected Macedonian and Libyan Salvia species.

Material and methods

Plant material

Aerial parts of the Salvia species were collected in flowering pe-
riod from their natural populations at localities in Macedonia and
Libya and were identified by Prof. P.D. Marin and Prof. V. Matevski.
Plant material was dried and kept in shadow at room temperature
for further processing. Total sample for each species consisted of
at least 20-50 individuals (about 500 g of dry material, depending
of species). Voucher specimens were deposited in the Herbarium of
the Institute of Botany and Botanical Garden “Jevremovac”, Facul-
ty of Biology, University of Belgrade. Collection data and voucher
numbers of investigated Salvia species are given in Tab. 1.

Preparation of water extracts
Extracts were prepared of whole aerial plant parts using classic
maceration procedure. Dry plant material (5 g), randomly taken
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Tab. 1: Collection data and voucher numbers of examined Salvia species

Salvia species Collection data Voucher No.
Locality Date Geographical data
S. jurisicii Stip N 41°50.324'
Kosanin (Macedonia) 11.7.2011 E 22°08.289' BEOU; 16674
Alt. 420 m
S. amplexicaulis Pletvar N 41°22.169'
Lam. (Macedonia) 12.7.2011 E 21°39.180' BEOU; 16673
Alt. 1010 m
S. ringens Krivolak N 41°53.33"
Sibth. & Sm. (Macedonia) 2.7.2012 E 21°41.08' BEOU; 16675
Alt. 229 m
S. lanigera Zintan N 31°55.50'
Poir. (Libya) 22.3.2010 E 12°14.54' BEOU; 16880
Alt. 694 m
S. fruticosa Biadda N 32°45.59'
Mill. (Libya) 10.3.2010 E 21°44.30" BEOU; 16702
Alt. 624 m

from whole collected sample of each species, was grounded in small
pieces (2-6 mm) and extracted by 50 ml of boiling distilled water
(10% w/v). Extraction was performed during 24 h at room tempe-
rature. The mixture was exposed to ultrasound 1 h before and after
24 h-maceration. Subsequently, extracts were filtered through a pa-
per filter (Whatman No.1) and evaporated under reduced pressure by
the rotary evaporator (Buchi rotavapor R-114). The obtained crude
extracts (Tab. 2) were stored in the fridge at +4 °C for further ex-
periments.

Tab. 2: The yield, total phenolic and flavonoid content of Salvia water ex-
tracts. Values are presented as mean + standard deviation.

Water extracts Extract yield* | Total phenolic | Total flavonoid
content” content®

S. jurisicii 9.50 81.03 +0.216 32.36+0.731

S. amplexicaulis 14.32 22630 +1.179 17.87 +£0.089

S. ringens 6.50 189.01 +£1.699 | 22.64 +0.898

S. lanigera 7.32 58.47 +0.200 17.18 +0.544

S. fruticosa 7.62 67.68 +0.001 21.73 +0.163

2% of weight of dry plant material
bmg GAE/g dry extract
°mg QE/g dry extract

Evaluation of antioxidant activity

Antioxidant activity was evaluated using three spectrophotometric
assays: DPPH, ABTS, and FRAP. Stock solutions of dry extracts
were prepared in the distilled water in concentration of 1000 pg/
mL (w/v).

DPPH assay

For evaluation of antioxidant activity of extracts, 2,2-dyphenyl-1-
picrylhydrazyl (DPPH) free radical scavenging method (BLOIS,
1958) with slight modifications was used. Stock extract solution was
diluted with methanolic solution of DPPH (40 ug/mL) to adjust the
final volume of reaction mixture (2000 pL) of the test tube. Methanol
was used as a blank, while methanol with DPPH solution was used

as a control. BHA, BHT and ascorbic acid were used as positive con-
trols (standards). Each blank, samples and standards’ absorbances
were measured in triplicate. Absorbance of the reaction mixture was
measured after 30 min in the dark at room temperature at 517 nm
using the JENWAY 6305UV/Vis spectrophotometer. The decrease
of absorption of DPPH radical at 517 nm was calculated using equa-
tion:

Inhibition of DPPH radical (%) = [(Ac-Ag)/Ac] * 100%

where A_ is the absorbance of control (without test sample) and A, is
the absorbance of the test samples at different concentrations. ICsy
values (#g/mL) (concentrations of the test samples and standard an-
tioxidants providing 50% inhibition of DPPH radicals) were calcula-
ted from DPPH absorption curve at 517 nm.

ABTS assay

ABTS assay is performed according to procedure of MILLER et al.
(1993) with some modifications. Fresh ABTS™ solution was prepa-
red 12-16 hours before use by dissolving ABTS in 5 ml of 2.46 mmol
potassium-persulfate to obtain concentration of 7 mmol/L and stored
in the dark at room temperature. The ABTS™ solution was dissol-
ved by distilled water to achieve an absorbance of working solution
0.700 + 0.020 at 734 nm. 50 pL of test samples (1 mg/mL) and/or
standards (0.1 mg/mL) were mixed with 2 mL of diluted ABTS* so-
lution and incubated for 30 min at 30 °C. Absorbance was recorded
at 734 nm using JENWAY 6305UV/Vis spectrophotometer. Distilled
water was used as blank. BHA and BHT dissolved in methanol were
used as standards. ABTS activity was calculated from ascorbic acid
calibration curve (0-2 mg/L) and expressed as ascorbic acid equi-
valents per gram of dry extract (mg AAE/g).

Ferric-reducing ability of plasma (FRAP) assay

The FRAP assay was performed according to BENZIE and STRAIN
(1996) procedure with slight modifications. FRAP reagent was pre-
pared freshly to contain sodium acetate buffer (300 mmol/L, pH
3.6), 10 mmol/L TPTZ in 40 mmol/L HCI and FeCl;*6H,0 solution
(20 mmol/L), i.e. in proportion 10:1:1(v/v/v), respectively. Working
FRAP solution was warmed to 37 °C prior to use. 100 uL of test
sample (500 pg/mL) were added to 3 mL of working FRAP rea-
gent and absorbance was recorded at 593 nm after 4 min using the
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JENWAY 6305UV/Vis spectrophotometer. Blank was prepared to
contain distilled water instead of extract. Ascorbic acid, BHA and
BHT dissolved in methanol in concentration 0.1 mg/mL were used
as standards. The same procedure was repeated for standard solution
of FeSO,4* TH,0 (200-1600 umol/L) in order to construct calibration
curve. FRAP values of sample was calculated from standard curve
equation and expressed as umol Fe (II)/g dry extract).

Determination of total phenolic content

The total phenolic content was measured using spectrophotometric
method (SINGLETON and RossI, 1965). The reaction mixture was
prepared by mixing 0.2 mL of extract solution in concentration of
1 mg/mL, 1 mL of 10 % Folin-Ciocalteu reagent and 0.8 mL of 7.5%
Na,CO;. Blank was prepared to contain distillated water instead of
extract. Absorbance was recorded at 740 nm after 2 h incubation
at room temperature using JENWAY 6305UV/Vis spectrophotome-
ter. Phenolic content in samples was calculated from standard curve
equation and expressed as gallic acid equivalents (mg GAE/g dry
extract).

Determination of flavonoid concentration

Flavonoid concentrations of samples were measured spectrophoto-
metrically according to procedure of PARK et al. (1997). The reaction
mixture was prepared by mixing 1 mL of extract solution in concen-
tration 1 mg/mL, 4.1 mL of 80 % ethanol, 0.1 mL of 10 % AI(NO;);
x 9 H,O and 0.1 mL 1M CH3;COOK. Blank was prepared to contain
96 % ethanol instead of extract. After 40 min of incubation at room
temperature, absorbance was measured at 415 nm using JENWAY
6305UV/Vis spectrophotometer. Concentration of flavonoids in
samples (mg/ml) was calculated from standard curve equation and
expressed as quercetin equivalents (mg QE/g dry extract).

Cytotoxic assay — MTT assay

To assess cytotoxic effect of sage water solutions, 3-(4,5-dime-
thylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was
performed (DRAKULIC et al., 2012). It is a colorimetric assay which
detects conversion of yellow tetrazolium salt into purple formazon.
The conversion is catalyzed by cellular enzymes and its rate repre-
sents measure of cells viability. K562 cells are human immortalised
myelogenous leukemia line. K562 cells are of the erythroleukemia
type. The line is derived from a CML patient in blast crisis. K562
cells were maintained in essential minimal medium (MEM) sup-
plemented with 10% FCS. Cells were treated in 96 well plates for
48 h with 50, 100, 150, 200, 300 and 400 ug/mL sage water extracts
in MEM. After addition of MTT solution (0.5 mg/mL), plate was
incubated for additional 3 h. Acidified isopropanol was added to dis-
solve tetrazolium salts. Absorbance was measured at 620 nm.

Statistical analysis

All experimental measurements were carried out in triplicate and are
expressed as average of three measurements + standard deviation.
Pearson’s correlation coefficients were calculated between on one
hand total phenolics and flavonoids and on the other hand cytotoxic
and antioxidant assays and interpreted according to TAYLOR (1990).
Calculations and constructing of the charts were performed using the
MS Office Excel, 2007.

Results and discussion

The yield of extract, total phenolic and flavonoid content
The yields were expressed as percent of dry extract of dry plant
material. The yields of obtained water extract were ranged from

1432% for S. amplexicaulis to 6.50% for S. ringens extract
(Tab. 2). Considering the uniform extraction procedure applied in
this study, variations in extract’s yields can be attributed to diffe-
rences of plant material (species). In some previous studies resear-
chers have observed that type of plant material, choice of extrac-
tion solvent and extraction procedure affects composition, activity
and possible future use of the obtained extract (TIWARI et al., 2011).
SENOL et al. (2010) obtained that yield of methanolic extract of 55
Salvia taxa varied between 2.88 and 13.41 % and our results are in
agreement with these findings.

Total phenolic and flavonoid contents of water extracts were eva-
luated spectrophotometrically and expressed as gallic acid equi-
valents/g dry extract and flavonoids concentrations as quercetin
equivalents/g dry extract. As can be seen in Tab. 2, the highest
amount of phenolics was measured in water extracts of S. amplexi-
caulis and S. ringens (226.30 and 189.01 mg GAE/g, respectively),
while the content of phenolics in the other extracts was lower than
100 mg GAE/g. On the contrary to phenolics, flavonoids were the
most abundant in S. jurisicii extract (32.36 mg QE/g). When the ob-
tained results are compared to the values for total phenolic content of
Camellia sinensis green tea (140.11 mg GAE/g) and Ginkgo biloba
(140.18 mg GAE/g) standardized extract (STANKOVIC et al., 2010), it
can be seen that S. amplexicaulis and S. ringens have higher values.
Our results are in agreement with the literature data for ethanol ex-
tracts of fourteen Turkish Salvia species (57.10-218.09 mg GAE/g
for total phenols and 8.29-108.78 mg QE/g for flavonoids) obtained
by ORHAN et al. (2013). STAGOS et al. (2012) found total phenolic
content of 267 and 190 mg GAE/g for methanolic and water ex-
tract of S. fruticosa from Greece, respectively. As many researchers
reported, amount of extracted phenolics and flavonoids depends on
selection of extraction solvent.

Evaluation of antioxidant activity

Oxygen sometimes can be fatal for the organisms although euka-
ryotic organisms cannot exist without it, which is known as oxygen
paradox. A free radical is any species capable of independent
existence that contains one or more unpaired electrons. Reactive
oxygen species (ROS) may damage important cellular molecules
such as DNA, proteins and lipids, causing cancer, cardiovascular,
neurodegenerative and other diseases (HALLIWELL, 2006).
Antioxidant activities of Salvia species water extracts measured
using DPPH, ABTS and FRAP assays are presented in Tab. 3. DPPH
and ABTS assays were applied to examine scavenging activity of
extracts, while FRAP assay measured ability of extracts to reduce Fe
(ITI) to Fe (II) ion. Water extract of S. amplexicaulis showed marked-
ly the strongest antioxidant activity in all three assays.

Tab. 3: DPPH, ABTS and FRAP activity of Salvia water extracts.

Water extracts DPPH assay ABTS assay FRAP assay
(IC50, ng/ml) | (mgAAE/g) (umol Fe(II)/g)
S. jurisicii 21224 1.15+£0.062 | 290.14 + 6.880
S. amplexicaulis 1421 291 +£0.019 |1406.73 £ 8.055
S. ringens 23.44 242+0,019 | 61544 +£6.720
S. lanigera 230.87 1.77+£0.085 | 79.13 £5.255
S. fruticosa 48.11 198 £0.005 | 1191.51 £ 8.109
Positive controls
BHT 17.94 2.75+£0.021 | 44534 £5.772
BHA 13.37 2.82+0.011 | 583.72 £5.255
Ascorbic acid 5.11 / 180.81 + 8.607
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DPPH activity of extracts was assessed as good (ICso<30 pg/ml)
for S. amplexicaulis and S. ringens, as moderate 30<ICs,<80 pg/
ml) for S. fruticosa and as poor (IC5,>80 pg/ml) for S. jurisicii and
S. lanigera according to KAMATOU et al. (2010). S. amplexicaulis
water extract showed the best DPPH radical scavenging activity
(14.21 pg/ml), higher than activity of the synthetic antioxidant
BHT (17.94 ng/ml) and commercially used green tea (20.62 pg/ml)
(STANKOVIC et al., 2010) and very close to BHA (13.37 ug/ml). Be-
sides, water extract of S. amplexicaulis performed stronger activity
than ethanol and methanol extracts (28.74 and 21.28 pg/ml, respec-
tively) as previously reported by ALIMPIC et al. (2014). S. fruticosa
water extract showed lower DPPH activity than those measured by
STAGOS et al. (2012) for methanolic and water S. fruticosa extracts,
22 and 16 pg/ml, respectively. JANICSAK et al. (2010) previously
found low antioxidant activity of S. jurisicii aqueous-methanol ex-
tract (191.2 ug/ml), as confirmed in this study.

In ABTS assay, S. amplexicaulis and S. ringens showed the stron-
gest activity (> 2 mg AAE/g), while other extracts were quite weaker
than aforementioned (Tab. 3). Some researchers preferred to express
ABTS activity by ICs, value (KAMATOU et al., 2010; STAGOS et al.,
2012), and more frequently using standard equivalents (Trolox, as-
corbic acid, etc.). In this study, the ascorbic acid calibration curve
was chosen for presentation of obtained results. Liet al. (2008) mea-
sured wide range of ABTS activity of selected Chinese medicinal
plants (0.97-265.43 umol Trolox/g dry plant material). S. fruticosa
showed activity of 13 pg/ml for methanolic and 29 pg/ml for water
extract (STAGOS et al., 2012).

S. amplexicaulis followed by S. fruticosa water extract showed
FRAP activity over 1000 umol Fe(II)/g. In contrast, S. lanigera wa-
ter extract performed FRAP activity lower than 100 wmol Fe(Il)/g
(Tab. 3). BENZIE and STRAIN (1996) suggested expressing of re-
sults using Fe(Il) calibration curve. Some researches preferred to
present results by ICs, values or as Trolox equivalents. The lacking
of a unique form of presenting results makes comparison of results
obtained in various studies rather complicated. LI et al. (2008) mea-
sured FRAP ability of methanol extracts of 45 Chinese medicinal
plants, and results ranged as 1.23-453 pumol Fe(II)/g. Ethyl-acetate
extracts of selected Turkish Salvia species exhibited quite low FRAP
activity, whereas methanol extracts were highly active (ORHAN
etal.,2012).

Cytotoxic activity of extracts

Cytotoxic activity of extracts was tested using MTT assay against
K562 cell line over 48 h. Obtained results, expressed as ICsg, are
presented in Fig. 1. All tested water extracts exhibited cytotoxic ef-
fect on K562 cells. Among examined Salvia species, S. amplexicau-
lis and S. ringens showed the strongest antioxidant activity (ICsy <

ICo 500,00 456,21 39329

200 pg/ml), followed by S. fruticosa and S. lanigera (ICsy 200-
400 pg/ml) and S. jurisicii (> 400 pg/ml).

Some of the species examined in this study were partially investi-
gated before for their cytotoxic activity. Ethanol extract of S. fruti-
cosa collected in Jordan showed lower ICs, values (17.43-38.91 ug/
ml) against breast cancer cell lines measured by Sulphorhodamine
B assay (ABU-DAHAB et al., 2012) than those in our study. Water
extract of Libyan S. lanigera in this study was less active than se-
veral extracts of Egyptian S. lanigera (ICs, values from 9.83 to over
100 pg/ml), especially obtained by acetone (SHAHEEN et al., 2011).
JANICSAK et al. (2007) reported on cytotoxic activity of Bulgarian
S. ringens extract and its isolated components. The literature data
on cytotoxic activity of S. ringens, S. jurisicii and S. amplexicaulis
were not available. Previous studies have demonstrated that South
African and Jordanian Salvia species showed ICs, values from ap-
proximately 20 to above 100 pg/ml (KAMATOU et al., 2005) and from
90 to 400 pg/ml (FIORE et al., 2006), respectively. Our findings are in
accordance with previous reports.

Correlation between cytotoxic and antioxidant activities and to-
tal phenolic and flavonoid content

Pearson’s correlation coefficients were calculated between total phe-
nolics and flavonoid content of the Salvia water extracts and their
antioxidant and cytotoxic activities (Tab. 4). In this study, interpre-
tation of correlation coefficients according to TAYLOR (1990) was
chosen. On the contrary to ABTS and FRAP activity, cytotoxic and
DPPH activity of extracts were negatively correlated to phenolic and
positively to flavonoid content because of presenting of results as
ICsp values (Tab. 4). Correlation between total phenolic and flavo-
noid contents was negative (data not presented). It was previously
reported that water soluble flavonoids (mostly anthocyanins) have
no antimicrobial significance and water soluble phenolics were only
important as antioxidant compounds (TIWARI et al., 2010). However,
obtained results indicated that biological activities of extracts were
negatively correlated to flavonoid content in extracts. Previously,
BEN FARHAT et al. (2014) reported on negative correlation of some
flavonoids from Salvia officinalis extracts and antioxidant activity
evaluated by DPPH, ABTS and FRAP assays. Our findings are in
agreement with various studies which showed that antioxidant acti-
vity of rosemary and sage, both belonging to the family Lamiaceae,
is mostly manifested by presence of the phenolic acids (rosmarinic
and carnosic acids and their derivates) and then terpenoids, flavo-
noids and other phenolic acids (LU and Foo, 2001; KAMATOU et al.,
2010; ORHAN et al., 2012).

Tab. 4: Linear correlation coefficients (r) of cytotoxic and antioxidant ac-
tivities versus total phenolic and flavonoid content of Salvia water

(ng/ml)
450,00

400,00
350,00
300,00
250,00
200,00
150,00
100,00

50,00

386,00

151,07 173,06

]|

S. fruticosa

S. amplexicaulis S. ringens

S. jurisicii S. lanigera

Fig.1: Cytotoxic activity of water extracts of tested Salvia species tested
against K562 cell line

extracts
Total phenolic content| Flavonoid content
Cytotoxic activity -0,9514¢ 0,4886"
DPPH activity -0,7338¢ 0,3248*
ABTS activity 0,8394¢ -0,6972¢
FRAP activity 0,5512b -0,3169%

According to Taylor (1990):
ar <0.35 weak correlation; P0.36 < r < 0.67 moderate correlation;
€0.68 <1 < 1 strong correlation

Based on these findings, it can be concluded that some of the exa-
mined extracts could be taken into consideration as possible anti-

Conclusions
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oxidant and cytotoxic agents. The results showed that certain species
have optimal ratio of the yield, total phenolic and flavonoid content
and performed antioxidant and cytotoxic activities, such as Mace-
donian S. amplexicaulis, S. ringens and Libyan S. fruticosa. Taking
into account non-toxicity of the water as extraction solvent, their
application in prevention and treatment of some free radical caused
disorders such as cancer, cardiovascular and neurodegenerative di-
seases could be proposed. Future studies will provide data on quali-
tative composition of phenolics and other possible biologically ac-
tive components of the water extracts (research in progress).
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